Taenia solium cysticercosis is a zoonotic disease that poses serious public health risk and significant economic losses in the pig industry. Human neurocysticercosis is recognized as an important cause of epilepsy in regions where T. solium is endemic. The monetary burden caused by T. solium cysticercosis condemned pigs and epilepsy is under-reported in Tanzania, Iringa rural district being no exception. The aim of the present study was to estimate the financial costs associated with porcine cysticercosis (PCC) and epilepsy in Iringa rural areas. The study employed questionnaires and interviews to explore the public health and socio-economic impacts of T. solium cysticercosis. A total of 365 randomly selected participants comprising of 306 pig farmers and 59 families with epileptic patients were involved in the survey. The findings indicated that the average selling price was USD 84 for mature pigs and ranged from USD 13 -27 for piglets. The estimated annual monetary loss due to PCC was USD 144,449. The estimated monetary burden due to epilepsy management in hospitals and/or by traditional healers was USD 78,592 per annum. It is concluded that the monetary burden incurred by pig farmers due to PCC caused economic loss at both the subsistence and commercial levels. Yet, epilepsy has serious potential economic impacts through direct and indirect costs incurred on the management of epileptic patients from family to national level. It is hence recommended to practice indoor pig keeping for the elimination of economic losses caused by PCC infection. There is an urgent need to raise awareness on the economic burden caused by porcine cysticercosis and epilepsy in Iringa rural district.
Introduction
Pig production is important in improving the economy and livelihoods of many families in developing countries [1] . The advantage of keeping pigs over other livestock is that pigs grow faster, have high fecundity and short gestation period, can feed on leftover food and are very easy to sell [2] . Thus pigs are kept as a cash reserve to be used whenever there is emergence such as medical needs, school fees or food between harvest seasons [3] . Unfortunately, a parasitic disease caused by Taenia solium affects the pig industry resulting into economic losses because of condemnation of pork [4] .
The annual economic loss estimated in 10 West and Central African countries due to porcine cysticercosis was about 25 million Euros [5] . In Cameroon the annual losses in the pig industry together with direct and indirect costs caused by human cysticercosis were estimated to be 10 million Euros [6] . Porcine cysticercosis can cause market crisis during the selling of pigs [7] , a common phenomenon in endemic developing countries. Often infected pigs would require some treatment before being sold; if not condemned the selling price decreases by 25% -50% of the market price [8] . Unfortunately, earlier studies focused on pig health and the economic aspects were not considered as important in the control of porcine cysticercosis [9] . Therefore, analyzing the parasite's economic impacts on pig production would highlight the economic problems to pig farmers, the general community and the control strategy that could be put in place [1] .
Cysticercosis, especially neurocysticercosis in human, results in serious health problems in many developing countries because it is one of the main causes of late onset epilepsy [6] . The problem is socially important and medically grave due to unreliable drugs for treatment and/or poor prognosis that lead to mortality in underprivileged communities [10] . The direct and indirect costs due to epilepsy management are growing as the number of people with epilepsy in the communities is increasing [11] . Although the government services for treatment of epilepsy are free, the public has no confidence in the public health services; consequently, many patients use private services, incurring high direct and indirect costs [12] . Unfortunately, in Tanzania such economic losses due to both porcine cysticercosis (PCC) and epilepsy have not been quantified, whether in a single district or in a country as a whole. Therefore, the objective of the present study was to estimate the financial costs associated with porcine cysticercosis and epilepsy irrespective of the causes in Iringa rural district.
Materials and Methods

Study Site
The study was carried out in twenty-six villages selected from seven wards of Iringa rural district in Iringa region (Figure 1) . The district lies at 1600 m to 2700 m above sea level in southern highlands of Tanzania. Temperatures are normally below 15˚C with rainfall ranging between 1000 mm to 1600 mm per annum falling in a single season from November to May. The dry and cold seasons occur after the rain season and lasts from June to September.
Methods
Study Design and Population Surveyed
This was a cross-sectional survey using questionnaires, interviews and direct observation, and was carried out from September 2011 to August 2012. Using simple random sampling a total of 365 participants from seven wards and twenty-six villages were selected to participate in the study, whereby 306 were pig producers and 59 families with epileptic individuals.
Data Collection
The data from the selected households were collected using a structured questionnaire, interview and direct observation. The structured questionnaire for financial costs estimation covered questions on the duration of keeping pigs to market weight, costs of pig food, amount of food enough for one pig per day, costs incurred for prevention and treatment of PCC, selling price, loss incurred because of T. solium cysticercosis infection in pigs and epilepsy treatment costs incurred by families with epileptic individuals. The total revenue and costs were computed depending on the variables: total revenue = S pr × N Figure 1 . Iringa rural district, study sites.
Data Analysis
Data for financial costs estimation were analyzed using the statistical package for social sciences version 19.0 for windows (SPSS Inc., Chicago IL, USA). The same programme was used for descriptive analysis on variables quantification. 95% confidence interval was used for various factors at the individual level. The significance for non-parametric data was tested using Chi-square and parametric data were tested using t-test. The cost in terms of money was presented in USD (exchange rate used was 1 USD = 1500 TZS). The p-values of less than or equal to 0.05 was considered statistically significant.
Results
General Considerations of the Pig Industry in Iringa Rural District
Based on the surveyed population, 79.8% (95% CI = 2.72 -2.83, t (301) = 102.447, p < 0.001) of pig farmers kept pigs for more than six months before selling, and raised not more than five pigs per year. Most pig keepers 85.5% (95% CI = −0.791 -0.633, t (305) = 17.730, p < 0.05) sold pigs in their villages. The average cost for one kilogram of feed for pig was USD 0.14. About 82.7% (95% CI = 0.553 -0.728, t (305) = 14.330, p < 0.05) of pig keepers preferred industrial feeds such as maize and wheat bran, cotton and sunflower seed cakes for their pigs and 17.7% preferred grass and garbage. The average amount of food for one pig per day was 2 kilograms ( Table 1) .
Estimation of Costs for Rearing a Pig to Market Weight
The costs for rearing a pig to market weight were estimated by considering various factors including costs of keeping pigs indoor. An average of 918 pigs were surveyed from 306 pig farmers, and 7 months were the average time required by penned pigs to reach market weight (MW). The average feed cost was USD 0.14 for one kilogram, thus the feeding costs for one penned pig to reach MW were USD 58.80. The total feeding costs for pigs surveyed in the study were USD 2.1 million throughout the rearing period to MW. The cost for pigpen construction ranged between USD 17 -34 and USD 3 -13 for new investors and continuous pig investors, respectively. The pigpen construction and maintenance cost an average of USD 14.9 and the veterinary services cost an average of USD 3.1 per annum. Therefore, the total costs for pigpen and veterinary services were estimated to be USD 0.2 million for the pig farmers surveyed. Hence, the total cost of rearing pigs to MW in the surveyed pig farmers was estimated to be USD 2.3 million. 
Estimation of Economic Loss Due to Porcine Cysticercosis and Epilepsy
To estimate the economic loss associated with porcine cysticercosis, it was first necessary to consider the income generated by a pig farmer in the absence of infection. Only few pig keepers in Iringa rural district were able to estimate the costs incurred in raising pigs to market weight, while most of them were able to state the loss acquired due to PCC infection. With the exception of piglets, the average selling prices was USD 84 per pig, thus based on the estimated (n = 36,171) population of pigs, pig farmers in Iringa rural district in the absence of T. solium infection could generate about USD 3.0 million per annum. In Iringa rural district few pig farmers 20.7%, (95% CI = 0.623 to 0.856, t (305) = 3.457, p = 0.001) could diagnose or detect cysticercosis in their pigs while most 79.3% (n = 306) could not detect the presence of cysticercosis in their pigs. The total number of infected pigs reported by the pig farmers was 59, about 6.4% of the surveyed pigs. 55.9% of pig keepers slaughtered their pigs at home and sold pork. About 27.2% of the infected pigs were sold at a reduced price ranging between 25% -56.5% less than the market price, and 16.9% were totally condemned. The total annual loss due to condemned pigs (n = 2325) per year was estimated to be USD 0.05 million and the total annual loss due to partially condemned pigs (i.e. sold at reduced selling price) was estimated to be USD 0.04 million. Therefore, the total loss due to PCC was estimated to be USD 0.09 million ( Table 2) . The costs for epileptic individuals computed per annum included treatment costs (comprised the transport and medicine costs) and the average was about USD 32 per individual. The total number of PWE in the surveyed population was 59 (10% of the surveyed population). Thus on average the total costs for management of epileptic cases in the area were estimated to be USD 0.08 million per year (n = 2500). Therefore, the total costs for both PCC and epilepsy were summed up and estimated to be USD 0.89 million being 55.6% due to PCC and 44.4% due to epilepsy treatment and other indirect costs ( Table 2 ).
Discussion
The present study investigated the monetary burden caused by PCC and epilepsy of unknown causes from pig keeping communities in Iringa rural. Pig keepers had an average of 3 pigs because of high costs in feeding, veterinary, housing investment and caring as pig farmers are also engaged in other socio-economic activities. Investment and recurrent costs and the system of raising pigs were the main determinants to the number of pigs a farmer could keep [13] . The costs for pigpen construction and purchase of starting stock raised the costs for new investors (i.e. investing for the first time), whereas continuing investors needed only to repair the pigpens. The average cost of feeding one indoor kept pig to market weight reported in the present study was higher than the costs reported by [13] . This may be contributed by the value of the currency that changes from time to time and the regional differences. Most pig farmers could not afford to keep pigs indoors because of high feed costs and pigs were left to scavenge freely. Therefore, the free range keeping method (scavenging) and garbage's were options of feeding their pigs. Likewise, restless pigs due to inadequate quantity and quality of food supply reduced the growth rate of pigs, and further increased the time of attaining the market weight. Size variation and external appearance of pigs determined the selling price. The selling price found in the present study was more or less similar to the price reported in Mbulu district [13] . Rejected pigs due to infection by T. solium were commonly slaughtered at home (55.9%). The pork sold in this way earned money equivalent to market price. The lack of legal/public slaughter slabs and strict meat inspection and hygiene in remote villages promoted slaughtering PCC infected pigs at home. However, this was further attributed to the lack of knowledge in the general community on the consequences of consuming T. solium infected pork. Because most infected pigs are slaughtered and sold at home or street places, most pig farmers in Iringa rural rarely experience the economic loss caused by PCC. On the other hand those who could not sell at market price the loss ranged from 25% -56.25% of the average market-selling price. The loss was 100% where pigs were completely condemned. However, the losses reported in the present study were higher than those reported in Western and Central Africa and Cameroon by [6] , respectively.
One of the reasons for PCC persistence in Iringa rural is the persistent infection of T. solium in human. The central nervous system (CNS) is one of the predilection sites for T. solium cysticerci one of the main causes of late onset epilepsy. Neurocysticercosis is one of the neglected tropical diseases (NTD) [14] with considerable socio-economic and public health impacts. The present study looked at the social impacts and monetary burden of epileptic case management regardless of the causes. Most people with epilepsy (PWE) identified in the present study were above eighteen (age ranged between 19 -48 years), a vital and energetic group, and usually a very productive group in any community. The costs for epileptic case management ranged from USD 32 -USD 100 per annum, which was unaffordable for most families because of poverty. However, for those who believed in public health services, the government incurred the medical expenses. On the other hand, where PWE sought the services of traditional healers, the individuals and their families incurred the expenses. Since epilepsy results into morbidity and/or mortality the community and families consider epileptic people as disabled who need care. The increased number of PWE in a community, therefore, leads to an increase in the number of people depen-dent on others, which has a negative economic impact on affected families, as well as the government. The impact is particularly significant at family level as in poor rural areas the main economic activity is agriculture, which is heavily dependent on family labour (i.e. individual members in the family). Consequently, both porcine cysticercosis and epilepsy have a negative penalty economically.
Conclusion
The costs for food and veterinary services, ignorance and cultural issues were the limiting factors of keeping bigger herds of pigs. The costs for raising a pig to MW in intensive husbandry were not affordable to most pig farmers; they thus resorted to free range and tethering methods. The practice of slaughtering pigs on the streets or at home and selling the pork earned more or less equivalent to a healthy pig sold at market price. The large number of late onset epilepsy reported in the present study whose causes were unknown, could be a result of T. solium infection in the CNS. Hence it would be important to undertake a serological survey for confirmation of the source. The increased number of epileptic persons leads to loss of productive power as they cannot make a living for themselves but become dependent on the family, which thus suffers economically.
Limitation of the Study
Timely availability and insufficient funds were the major limitations to this study.
